Ovaries from 10-day-old mice were exposed to 1.5 mol l \ m=-\ 1 dimethylsulfoxide, 1, 2\ x=r eq-\ propanediol, ethanediol or glycerol for 5\p=n-\60min at room temperature before freezing. 
Introduction
The ability to cryopreserve the female gamete has important applications for the clinical treatment of infertility and for the conservation of endangered species. Cryopreservation of ovarian tissue would enable the storage of large numbers of primordial follicles and preserves the structural integrity of somatic and reproductive cells within the ovary. Ovarian tissue of rat, mouse, sheep, human and marmoset has been frozen successfully. Grafts of frozen mouse (Harp et al, 1994) and rat (Parkes and Smith, 1953) (Grischenko et al, 1987) . Large antral follicles developed in xenografts of cryopreserved marmoset ovary (Candy et al, 1995a) . Live young were born after orthotopic transplantation of cryo¬ preserved ovarian tissue from mice (Parrott, I960; Cox et al, 1996) and sheep (Gosden et al, 1994) . In spite of these successes, a large proportion of follicles is damaged during freezing and thawing. Mouse (Deanesly, 1957) and rat (Green et al, 1956 ) ovarian tissue frozen using glycerol as the cryoprotectant was estimated to contain < 10% of morpho¬ logically normal follicles. A higher proportion of follicles (33%) survived in marmoset ovarian tissue cryopreserved with dimethylsulfoxide (Candy et al, 1995a) . Some primordial and primary follicles in human ovarian tissue have survived freezing in dimethylsulfoxide, ethanediol, 1,2-propanediol and glycerol (Hovatta et al, 1996; Newton et al, 1996) .
Methods developed for freezing isolated mature mouse oocytes (Carroll el al, 1993) have been used to freeze ovarian tissue. These techniques have also been used successfully for the cryopreservation of immature mouse oocytes (Candy et al, 1994) , and isolated primordial (Carroll and Gosden, 1993) and primary (Carroll et al, 1990) follicles. However, they may not be optimal for the cryopreservation of ovarian tissue since the ovary is a complex structure comprising many different cell types and containing follicles at various stages of folliculogenesis.
In this study, we proportions of primordial follicles in thawed ovaries, and the development of large numbers of follicles at all stages of folliculogenesis in frozen ovaries after grafting to recipients. Preliminary reports of these data have appeared elsewhere (Candy et al, 1995b; Wood et al, 1995) .
Materials and Methods
Except where stated, all manipulations were carried out in Hepes-buffered M2 medium (Candy et al, 1995a (Rugh, 1990 (Tsafriri and Braw, 1984 (Armitage and Berry, 1987) was used to compare (1) the percentage of normal follicles in fresh and frozen ovaries, transformed using arcsin of the square root, (2) the number of follicles present in grafts of fresh and frozen ovaries, trans¬ formed using log10 and (3) the interval between grafting and the first appearance of cornification. Differences between groups were compared using Gabriel's test (Kendall and Stuart, 1968 
Number of follicles in grafts
The total number of follicles in each graft was calculated ( (Green et al, 1956; Deanesly, 1957) . In marmoset ovarian tissue frozen in DMSO, 33% of follicles appeared normal after thawing and large antral follicles developed in tissue grafted into nude mice (Candy et al, 1995a) . Live births have been reported after orthotopic transplantation of mouse ovarian tissue frozen in GLY (Parrott, 1960) and DMSO (Cox el al, 1996) and sheep ovarian tissue frozen using DMSO (Gosden et al, 199A (Carroll and Gosden, 1993) ; primary: 78% (Carroll el al, 1990) ), suggesting that the location of follicles wifhin the tissue may be important.
However, it is possible that treatment with collagenase during the isolation of the follicles modified membrane permeability or cell-cell communication. Gosden el al (1993) suggest that enzymatic digestion of follicles removes the thecal layer and basement membrane.
The time of exposure to the cryoprotectant before cooling must be long enough to achieve adequate permeation by the cryoprotectant without incurring toxic damage or rendering the cells vulnerable to excessive volume changes during the return to isotonic conditions after thawing (Mazur, 1981 (Jackowski el al, 1980; Paynter et al, 1995 Paynter et al, , 1996 (Parkes, 1958 (Farrant, 1980 (Farrant and Ashwood-Smith, 1980) . Human ovarian tissue may also be better protected during freezing by DMSO, EG and PROH than by GLY (Newton et al, 1996) . Ovaries might be frozen more successfully in GLY with slow, stepwise addition and removal of the cryoprotectant or by using an osmotic buffer such as sucrose to reduce osmotic stress (Leibo and Mazur, 1978) , as reported for mature mouse oocytes (Fuller and Bernard, 1984) and mouse embryos (Rail and Wood, 1994 (1956) suggested that the high incidence of corpora lutea atretica in subcutaneous grafts of rat ovarian tissue may reflect deficiencies in blood supply or the avail¬ ability of gonadotrophins in heterotopic grafts or both factors.
The grafting process itself accounted for the majority of the follicular loss. Grafts of fresh ovaries contained only 63% of the follicles present in ovaries before transplantation. This confirms an earlier report (Green et al, 1956) (Krohn, 1977) , the central areas of many of the grafts were found to be necrotic. The use of vascular anastomoses improves the availability of oxygen during establishment of a graft in larger animals (Krohn, 1977) , 
